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DECLARATION UNDER 37 C.F.R. 1,131 

We, Christopher C. Broder and Katharine A. Bossart declare as follows: 

1 . We understand that the pending claims of the above-referenced application are directed to 
methods of inhibiting fusion between a membrane of a paramyxovirus and a plasma membrane of a cell, 
method of treating an infection of a virus and methods of treating or preventing infection by a 
paramyxovirus by administrating compositions contain polypeptides comprising SEQ ID NO: 1 or SEQ 
ID NO: 2 {i.e. synthetic peptides derived the hepiad portion of Hendra and Nipah virus F protein). We 
also understand that the '800 application is a U.S. National Stage Application of PCT application 
PCT/US02/36283, tiled on November 13. 2002 which claims priority to U.S. Provisional AppUcation 
60/33 K23 1 filed on November 13, 2001. 

2. The journal publication entitled ''Functional Expression and Membrane Fusion Tropism of the 
Envelope Glycoproteins** published in the November 2001 issue of ]^irolos>\ volume 290, pages 121 to 
135 (a copy of which is attached as Exhibit A) was co-authored by Katharine N, Bossart, Lin-Fa Wang, 
Br>'an T. Eaton and Christopher C. Broder. This issue of Virology was published online on November 1 5, 
2001 and mailed to subscribers on November 20, 2001. As evidence of the publication date, we have 
submitted herewith an e-mail from the publisher confimung the publication date and the date on which 
the publication was available onJine (a copy of which is atiached as Exhibit B). 

}. Tlic journal anicle in Virology reflects our work and the article evidences in part the subject 
matter ot the pending claims. Our publication in Virology was published less than one year prior to the 
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Internationa! filing date of PCT application PCT/US02/36283 but after the filing of U.S. Provisional 
Application 60/331 .231 . Lin-Fa Wang; and Bryan T. Eaton, the other authors of the journal publication, 
were working under our direction and did not contribute to che conception of the invention, and hencc» it 
is our understanding that, they are therefore not inventors of the above-referenced application nor 
International application PCT/US02/36283. 

4. We have read the Office Action in the above-referenced application, We understand that the 
Examiner has cited this Virology publication, our own work, as alleged prior art to the pending clainns. 
We also understand that the currently pending claims are directed to methods of preventing 
paramyxovirus infections with compositions containing peptides of SEQ ID NO: 1 or SEQ ID NO: 2 (/.<?., 
HeV-FC2 and NiV-l-Cl peptides {see page 24. Table of the ^800 application)). 

5. This subject matter was invented in the United States before November 13. 2001 and published 
less than one year prior to the filing date of PCT application PCr/US02/36283. The subject matter was 
therefore invented prior to the date of publication of the journal as evidenced by the date of publication 
(earliest possible publication date of November 15, 2001). 

6. We conceived the claimed invention in the United Slates prior to March 23, 2000. Evidence of 
the prior conception and reduction to practice is, for example, seen in U.S. Provisional Application 
60/331,231 filed on November 13, 2001. Specifically, the provisional application is directed research 
discussed in the Virology article. 

7. . From before the filing of the provisional to the filing of the PCT application, we worked 
diligently on the invention. For example, as evident from the PCT application, we designed, isolated, and 
sequenced the specific heptad portions of Nipah and Hendra virus. 

S. l! is our understanding that since our Virology article was published less than one year from the 
tiling of PCT application PCT/US02/36283. which supports the disclosure of the pending claims, our 
Virology article is not prior an to the pending claims under U.S. Patent law. 

9. Wc funhcr declare that all statements made herein of our own knowledge are true, and that all 
siaicmcnis made on information and belief are believed to be true; and further that these statements were 
made with ihc knowledge that willful false statements and the like so made are punishable by tine or 
imprisonmcni, or both, under Section lOOI of Tiiie 18 of the United States Code, and that such willful 
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false statements niay jeopardize the validity of the above-referenced application or any patent issuing 
thereon. 

Respectfully submitted, 
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Functional Expression snd Membrane Fusion Tropism 
of the Envelope Glycoproteins of Hendra Virus' 

Katharine N. Bossart/ LIn-Fa Wang.t Bryan T. Eatoat aruJ Christopher C. Broder*-' 

u^pofuim AuatreSanMmiHeeim laboratory. Gee/ong^Victona 3220. AAiS^ 
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INTROOUCTldN 

Fusion of the nriembrane of eriveloped Viruses with the 
plasma membrane of a receptive hoet oell is a prereq- 
uisite for viral entry and Infection and an essential step in 
the Ufa cycle of all enveloped viruses. The paramyxovi- 
ruses are negative-stranded RNA-contalnIng enveiopcd 
viruses encompassing a variety of Important human and 
animal pathogens including measles virus (MeV). canine 
distemper virus (GOV), human parainfluenza vlmses 
(hPIV) 1-4. respiratory syncytial vinjs (RSV). and sinrilan 
virus 5-(SV5) (reviewed In Lamb and Kolakofsky (2001)). 
These vinises contain two principal membrar>e-an- 
chored glycoproteins that appear as spikes projecting 
from the envelope membrane of the viral particle when 
imaged in the electron microscope. One glycoprotein is 
associated with virion anachment to the hpst cell and, 
depending on the particular paramyxovirus, has been 



• The vtew« expfwsed in this arttele are solely those of ihe authors, 
end they do not represem official views or opinions of the Oopafimef|t 
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'TO Whom corrcspondeftce end reprint raquoste shouW ba ad- 
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designated as the herhagglutinih^neuramihidaBo pro- 
tein. the hemagglutinin protein (H), or the Q protein, 
which has neither tiemagglutlnatlng npr neuraminidase 
activities. The second glycoprotein is the fusion protein 
(F). which facilitates the membrane fusion event between 
the virion and the host cell during virus Infection (re- 
viewed in Baker Qt aL (1999); Lamb (1993)). Following 
virus attachment to a permissive host cell, fusion at 
neutraJ pH between the virion and the. plasma mem- 
brenes ensues, resulting in delivery of the nucleocapsid 
Into the cytoplasm (reviewed in Lamb and Kolakofsky 
(2001)). In a related process, cells expressing these viral 
glycoproteins at their surfaces.can fuse with receptor- 
bearing cells, resulting In the formation of multinucleated 
giant cells (syncytia). The paramyxovlrue F glycoprotein 
shares several features with other virat membrane fusion 
proteins. Including the envelope glycoprotein of retrovi- 
ruses like gp120/gp41 of HIV-1 and hemagglutinin of 
influenza viais (reviewed In Hernandez etaL (1996)). The 
biologically active F protein consists of two dlsuttide- 
llnked subunits, F, and F^, that are generated by the 
proteolytic cleavage of a precursor polypeptide known 
as Fo (Klenk and Garten. 1994: Scheid and Choppin. 
1974). All paramyxoviruses studied to date, with the ex- 
ception of SV5. require both the attachment and F glyco- 
proteins for membrane fusion (Peterson ef aL 1997). A 
precise understanding of how the attachment and fusion 
glycoproteins of the paramyxoviruses function in concert 
in mediating this membrane fusion process has yet to be 
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elucidated. Although evidence of physical Interactions 
has onfy t>een rarely detected^ it is hypothesczed thai the 
binding protein must somehow signal and induce e con- 
formational change In F leading to virlon/host cell mem- 
brane fusion (Lamb, 1993). 

In 1994, a new paramyxovirus, now called Hendra 
vims (HeV) and recognized to be a member of the sub- 
family ParBfnyxovfrinae, was Isolated from lata! cases of 
respiratory disease In horses and humans and was 
sfiown to be distantly related to MeV and other members 
of the Morbiliivirus genus (Murray ef . a/, 1995). The out- 
break occurred in the Brisbane suburb of Hendra and 
resulted in th9 death of 13 horses and their trainer and 
the nonfatal infection of a stablehand and a further 7 
horsea At approximately the same time. In an unrelated 
incident --1Q0 Ian north of Hendra, a 36-year-old man 
experienced a brief aseptic meningitlc Illness after car- 
ing for and assisting at the niscnbpsies of two horses 
subsequentV. shown to have died as a result of HeV 
infectioni and. 13^ inpnths later th$ marl suffered severe ' 
encephalWe characterized by uncontrolled focal and 
generalizediplleptic activity (p'8uJliyen:i9f a/; 1997). Sub- 
sequent to iftase Wnts, an outbnaak of severe^encdph- 
ajltia in pe^^ple with close, cpniafct exposure to pigs In 
Malaysia and Singapore occurred In 1998 (Centers fpr 
Disease Control ^nci Prevention, 1999). fp all, rtiore than 
265 cases of encdphelitlis. including 105 deaths, had 
been reported in IVtaiaysia, and 1 1 cases, with one death, 
were reported in Sihgepore. Thla may represent a near 
40% fatality , rate upon infection, because the incidence of 
subcfinical human infections during these episodes has 
not been well defined. Follow-up studies Indicated that 
this virus was most closely related to HeV and was 
named Nipah virus (NiV) after the small town in Malaysia 
from which the first isolate was obtained from a fatal 
human caae (Chua et af.^ 1999, 2000; Goh et aL 2000; 
Lee Gt aL, 1999; Urn et ah. 2000). HeV and NIV are now 
two representatives of a new genus within the /'a/H/nyx'o- 
virinae subfamily called Henipavfrus (W&ng et al„ 2001: 
Wang and Eaton, In press). 

Both HeV and NiV are unusual among the paramyxo- 
viruses In their ability to infect and cause potentially fatal 
disease in a number of host species, including humgns, 
and in that they have an exceptionally large genome. 
Understanding the mechanisms of how viruses liice 
these emerge, mediate host cell infection," or undergo 
cross-species transmission is an important step toward 
determining how to address such emerging infectious 
disease threats. Our approaches to examine HeV have • 
begun with the characierfzation of the virus' envetope 
glycoproteins, which facilitate the attachment and fusion 
events during infection. HeV possesses a F glycoprotein 
that (ilcely mediates membrane fusion, and the attach- 
ment glycoprotein has been designated G. Here we 
report the development of a recombinant system to study 
HeV using recombinant vaccinia viruses encoding the F 



and G open reading frames (ORFs). HeV F and G expres^ 
slon was verified by metabolic labeling and detection 
using specific antisera. The cellular tropism of HeV was 
examined using a quantitative assay for HeV-mediated 
fusion. Fusion specificity was also verified through spe- . 
cific inhibition with a peptide con^esponding to one of the 
cr-hellcal heptad repeats of F and rabbit anti-HeV serumi 
which could specifically inhibit the fusion assay. HeV 
requires both F and G to mediate fusion. Permissive- 
target cells have been identified, including those derived 
from cat, pat^ horse,, human, simian, mouse, and rabbit . 
Putative receptor negative cell types have also been^: 
identified, and protease treatments of target cells aboF; 
iehed fusion activity, suggesting that the virus is employ- * 
ing a cell-surface protein as its receptor. 

RESULTS 

Expression of Hendra virus F and G glycoproteins 

HeV Is classified as is zoonotic^ bioisafety ievei 4^/ 
{BSL-4) agent and thus its manipulation und6r laboratory - v 
conditions. Jis hijghiy restrjctfed.. Tp Teadily. sxamirief this. 
biochemical aiid fgnctlorl^rpropeiliaa of the vrn^s' enve^^^ 
lope glycoproteins, the y|ral proteins Vejsponsible for host ^^ 
ceil attachment end virion entry; we employed the vac-:. :■ 
cinia vifus^based recombinant/ expresaiori syslenj , ; 
(Broder and Earl, 1999; QarroU and Moss, 1997). For the 
production of riacombinant-expreased HeV envelope gly- v 
CQproteins, the HeV F and G ORFs (Gould, 1996: Wang at 
af„ 2000; Yu ef a/., 1998) ware subcloned into the vaccinia 
virus promoter driven expression vector pMC02 (Carroll " 
and Moss, 1995) arui recombinant viruses were.prepared 
using standard techniques as detailed under Materials 
and Methods. In order to develop reagents to biochem- : 
ically detect the HeV envelope glycopfotelns, antl-F and 
anti-G peptide-speclfic rat^W antisera were prepared- 
(see Meten'els and Methods). These antisera were 11- ^ 
lered using a peptide-speclfic ELISA and specificity was 
further cross-analyzed t>y comperlilon ELISA. The HeV ' . 
envelope glycoproteins F and G were produced in ceil 
culture either by transient tran.sfection with the appropri- 
ate p\Baxr\\6 construct or by Infection with recomblnsnt. 
vaccinia virus. Shown in Fig. 1 A is recombinant vaccinia 
virus-expressed HeV F immunoprecipitated with peptide- 
specific (anti-F^ or anti-G) and virus-specific antisera. 
The vaccinia-expressed HeV F appeared predominantly 
as the uncleaved precursor protein. Fq, and as the pre 
cassed F, subunit The F, subunit kDa) was not 
readily detected under these conditions, liiceiy due to a 
combination of the amount and specific activity of the 
meiabohcally labeled polypeptide. This profile of the HeV 
F was quite %\m\\ar to that of several other paramyxovirus 
F glycoproteins (Bagai and Lamb. 1896; Nusabaum at ah, 
1995; Yao et a/.. 1997), with apparent molecular masses 
for F<> of -61 kDa and F, -49 kDa, and identical to the F 
polypeptides derived from purified HeV particles (Michal- 
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^pija. 1. Bcix^lon of recombinant F and.Q Qlycoproitefn& The F 
4^ glycopfoiBin ORFs w*«re sudclorcd into vaccinia virus promoicr- 
axprwston vector pMC02 (Carroil and Moaa. 199S>. HeLa ceUs 
,d"infected with HeV F or Q oncodlho rcoomblnent-vacclnia viruses 
^ihcgbated for t6 h at ST'C. Beotrtntng at 8 h poatlnfcctlon. the cells 
tatwled ovomlght wHh (*91melWonIno/oystelht. lysates w^rs 
t^retd In buffer contslnlnfl Triton X-lOO and clarified by centrKuga- 
i.^AmunopredpitBiion was per+ofmod wf#i rabWi polyclonal omi- 
" i agolriat eyntbetic-F,^ of G-o^)*jific pijptfdea or rabbit entl-HeV 
,mim (see Materials and Methods); followed by mrain G^p)>a- 
The fadiolabeletf prikeins were >eolvod by. lOH spi&-PAG€ 
,,^r- reducing cbndttlona and . detected: by fluorOQraphy. (A) HsV F 
ferniirtopreplpltatpd lyeiieBrlerw l and S^th rabbit. antlrHaV ami- 
ij^m, lanes 3 end 4 whli rabbk ahtl^f , peptide Sntiserunt <B) Q 
i^myr«Dprecipitaied lysaies: lanes I and 2 v^rith rabbit antl-MeV anti- 
,fi^k^neS3SndVvvithrat)bltaritl<3-peptM 1 
f pi each panel are preclphatea prepared f^om lyaatea ol cells infected 
t a control vaocMa ylrus. 



SjcV^f a/., 2000; Murray BtaL 1998; Wang/ 1998). Shown 
Fig. 1 B la inetabollcally labeled recombinant vaccinia 
g^rua^pressed HeV G immunoprecipitated with rabbit 
^nti-poptlde and entl-HeV entisera. The vaccinia-ex- 
ireaaed HeV G jjoaaesaed an apparent molecular mass 
1^ -^75 kDa, also quite similar to HeV G derived from 
Ifurified HeV virions (Murray et at, 1998; \Afang et aL. 
^998), as well as to the H proteins from MeV end CDV 
^(Njussbaum e^aA. 1995). The profllee of the vaccinia- 
liiXpressed F end G glycoproteins observed using rabbit 
f fintl-HeV entlserum were Identical to those obtained with 
peptWe-speclfic antisera; compare lanes 2 and 4 in 
^^ch panel of Fig. t 

fSyhcytJa formation mediated by HeV envelope 

irflllycdprotaina 

. To evaluate whether the F and G ORFs encoded func- 
gitional HeV envelope glycoproteins, It was necessary to 
X<i8monstrate their ability to mediate membrane fusion. In 
^[laltlal experimenta the plasmlda containing either HeV F 
f^'dr G were transfected alone or In combination into sev- 
|^>ral call lines that \t\c\u6e6 murine 3T3, human 293T, 
'simian BSC-l, human TX*. and human HeLa cells. Wheri 
|>.lhe HeV F or HeV G constaicts or the piasmid vector 
; control was transfected Into cells individuslly. no syncy- 
r tia formation was evident In any of several cell lines 



examined (not shown). However, when the HeV F and Q 
plasmid constructs were cotransfected. syncytia forma- 
tion was evident in all cell linea tested with the exception 
of HeLa (not shown), with some variation noted In the 
average size of individual syncytia among the different 
cell types over the same- Incubation period. Since HeLa 
cells were unable to support syncytia formation the pre- 
sumption was that these ceils lacic a functional HeV 
receptor and would not seive as perrnlssrve target cells 
for HeV^rnedlated fusion, thus they were chosen es the 
HeV F* and Q-expreasir^g- effector celt populations for 
subsequent membrane fusion experiments. In so doing, 
HeV glycoprotelfi-expressing HeL^ effector cells would 
not undergo spontaneous membrane fusion and would 
also likely prevent, ppssible jmraceliular receptor/enve- 
lope gtycpprotein complex Idrmatfonr; Which mjght inter- 
fere in quantitative mernbr^ne fusion sssessfnents. 
Show^ In Fig. Z are the results observed with, recornbf- 
nant vaccinja. virus^e^Kpressed ReV. ^flftrcoprpteins in 
HeLa elfeqtpr celt pdpulmibns m^^^ 
• celfitargeteas representa.tiye jaxaimRlB^^ 
are'^vld^ntpn^ 

Dice rnost qti^r paramyxoviruses *iat Have b^en exam- 
ined. HeV-rne<Jiated fusion ern*. syhwia ^ 
quired the expression of both tiie F and G g fyteoproteine 
td tnieidiate syncytia formatioa T^ese.. data demonstrate 
that the" cloned ORFs for the predicted HeV F and <□ 
genes do encode functional glycoproteins. 

Quantitation of HeVrmedlated fualon 

Although syncytia formation was evident, visual obser- 
vation Is only semiquantitative and pofisesses low sen- 
sitivity for rneasuring viral glycoprotein-mediaied mem- 
brane fusion. Previously, we developed a functional re- 
porter-gene system for the examination of the membrane 
fusogenic properties of the envelope glycoprotein of 
HiVl (Broderand Berger. 1995; Broderera/., 1994; Nuss- 
baum etaL 1994). This system is based on gene expres- 
sion using the recombinant vaccinia virus system 
(Berger etaL 1995), where in addition to the viral enve- 
lope glycoproteins and viral receptors being expressed 
on effector and target cell populations, respectively, one 
cell population also expresses bacteriophage T7 RNA 
polymerase and the other a T7 promoter-driven Esche- 
richia coii LacZ cassene (see Materials and Methods). 
Thus, cell-cell fusion resuHs in the specific production of 
^-galactosldase O-Gal). which can be quantified. This 
assay has proven especially useful in the study of enve- 
lope glycoproteins derived from viruses that employ a 
pH-independent mechanism of membrane fusion for 
virion entry (Ailchatib era/., 1996b; Bagai and Lamb. 1995: 
Broder and Berger, 199S; Chung et a/., 1999: Feng er 
1996; Krueger era/., 2001; Nussbaum et af.. 1995; Pesiey 
and Samal. 1997; Santoro et 1999; Takikawa et ai., 
2000). Using this assay. HeV glycoprotein-expressing 



C6X3} 991-2760 Order # 04641280DP03795038 Tue May 4 20:52:30 2004 



Page 5 of 16 




BOSSART ET AL 




mediated membrane fusion requires the presencse of '1 
both the F and the G gfycoproieins. ' 



Specificity of HaV-medlated fusfon activity 



RG. Z Syncytia formatton mediotod by H^ndra vinjfs glycoprmeln- 
expfeasiha cen&HoU cHlla were infected wfth vaccinia virus rocorti- 
blnants eheoiling HeV r (Q), HeV Q (C), Doift F sotf Q gJyan jroterns (0). 
or a oontrol wcctnla vfrua (A), aiong with a vaccinia virus recombinncit 
encoding T7 ANA polymerase. Partner 3T3 cells were Infected' with the 
£ CO// Uc?«ncodir)g reporter vaccinia virus vCa2ta The. HeV giyco- 
protein-oxpresslng eeRa (I x to*) were mixed with me.3 1 3 partner cells 
n X 10^} in duplicate welts of a 80-weH plate arid incubated at ST-'C. 
After 3 h the colls warn fixed and sKOineu with, crystal violet and 
photographs were taken at 400X megnificao'on. 

HeLa effector cells vyere prepared and mixed with vari- 
ous target cell populations. Typically, the target and ef- 
fector Cefl populations are assessed In duplicate or trip- 
licate In 9&iA^ell plate format and incubate.d for 2-4 h 
following mixing. Cell lysates are prepared and pro- 
cessed for ^Gal quanliflcai/on. The results shown in Fig, 
3 are the HeV-medca ted fusions measured (n the same 
series of cell lines that was examined in the syncytia 
formation assay Some differences In fusion activity as 
measured by the level of ^-6al activity were observed 
between those cell lines ihaf were syncytia positive, with 
the mouse 3T3 target cells consistently yielding the high- 
est levels. HeLa target cells were again negative for 
HeV-mediated fusion, thus corroborating the syncytia 
assay results, and since this cell-fusion reporter gene 
assay is Independent of syncytia fornnatloa it appears 
that HeLa cells are indeed fusion nonpermissive. It is 
also evident from this experimerx that efficient HeV- 



To further dSdess the specificity and utility of the HeV- 
mediated fusion system wo sought ways to specifically 
inhibit the cell-fusion process. There have been consid- 
erable advances in the understanding of the structural-, 
features and development of mechanistic models of how 
several viral envelope glycoproteins function in driving ^ 
the membrane fusion reaction (reviewed in Chan and ;H 
Kim (1998); Skahel and Wiley (1998); Weissenhorn et ai:M 
(1999)). One important feature of many of thqse fusion 
glycoproteins js the.presance of two.a-hellcal.dqnnainl ii; 
referred to as heptad repeats, that are involved in the.^^ 
formation of. a trlmer-of-hairpins structure (HughsoK. 
1997; Singh et al, . 1999). These domeiha are -also referrotf 
to as the amino (N)-term'inal end the carboxyl (C>-TerfTij-ij| 
hal heptad repeate' ar>d peptides coirrespoiidlhg to eitheH^S 
of these domains can Inhibit the activity of the. viral fusion 
glycoprotein- when present dirt-ing the fgsibn process;. ::| 
W&re we .notdd two' putative a-hencal domains in the Hey .'I 
F giycopl^toiri;ahai6gbus to the heptad repoat^.pres^nvil] 
in Sys F, One HeV F heptad domaio is proximal to the ."l^l 
fusion peptide :of F» (N-terrhinal heptad i-epeal). .and ihp^ :n| 
other is very close to the predicted transmembrane do- '"^ 
main of F, (C-termlnal heptad repeat) (Fig. 4A). Helical 
wheel analysis revealed a high degree of sequence '-^ 
homology with the important functional residues of rhe 
SV5 heptad repeats (Fig. 4C) (Joshi et af., 1998). To. if 
determine whether these struciures play a similar impor: 
tant role in HeV fusion,. a 42-amino-acld peptide (FClj 
derived from the 0-terminal heptad repeat (Fig, 48} was 
synthesized and tested for" its ability to interfere with 
HeV-rhediaied fusion. An available nonspecific 44-amj- 
no-ecid peptide derived from the cytoplasmic tail of the 
interleulcin-2 (lL-2) receptor gamma chain was used as 
an Irrelevant peptide control. Shown in Fig. 5 are the 
results of HeVrmediated fiision obtained In the presence 
of a series of FCI peptide, or Irrelevant control peptide, 
concentrations. The FCI peptide could poxentfy inhibit, 
fusion in a dose-dependent manner and was completely 
inhibitory in the nanomolar range, with an IC,^ of 4.4 nivf.. 
These data strongly suggest that the HeV fusion mech- 
anism is likely highly analogous to other viral fusion 
systems where a irlmer of hairpins has been hypothe- 
sized to form. The specific Inhibition of the HeV-mediated 
fusion assay by a synthetic peptide mat targets the F 
glycoprotein further demonstrates the specificity of this 
HeV-mediated cell fusion assay. 

To explore the utility of the HeV fusion assay, we 
tested the ability of HeV-specrfic eniiserum to inhibit 
fusion. Rabbit anri-HeV antiserum was serially diluted 
and added to HeLa effector cells expressing HeV F and 
G glycoproteins. Target cells were immediately added 
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pOprpijBir^, Of none, along wJlh a vscclnle recombinant encoding T7 RNA potymaraso (effsctor cells). Each desfgnated tarpot coll type was Intaolad 
. 5 the E co//.i>Qf-0ncoc«Ag repoftor vocdnia vlnia vpB2i H. 1 ha HeV glycoprotelh-axpreasing ct^lia { I x io*) yyere Truxe6 wlih.each taf got cell type 
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iHd'mlxed. and fusion was allowed lo proceed for 3 h 
^888 Materials and Methods). Shown in Rg. 6 are the 
ibV fusion results obtained in the presence of HeV- 
speclfic rabbit antiserum In comparison lo normal rabbit 
l^rum. There was little nonspecific Inhibitory activity 
Exhibited by the normal rabbit sere end wea maximally 
^AS%, at the highest sera concentrations . (data not 
Ijj^hown). whereas Inhibition by the HeV-speclfIc antl- 
^ ^rum could block the fusion assay by >90% at a l«60 
^^lution and there was approximately 60% inhibition at a 
^,i200 dilution. These results were quite significant in 
^gHt of the high levels of expres.sed HeV F and G enve- 
r , glycoproteins on the surfaces of the HeLa effector 
Ifceiis. and the potency Of Inhibition observed here may be 
^^ated to the requirement of two envelope glycoproteins 
r'iri the HeV fusion process and the polyclonal nature and 
Jf^pharacteri sties of the antibodies present Indeed, the 
P^peptide-specific anti-F, ignd antl-0 rabbit sera developed 
"^ere had no inhibitory effect when examined (not 
|^hbwn)» which is perhaps not unexpected since It Is 
^^.tilghly likely that peptide-specific antlsera would contain 
pno conformation-dependent antibody reactivities and be 
^^r^active to only a limited subset of epitopes, unlike se- 
^rum derived from whole HeV-lmmunized rabbits. 

I'SProtease treatment of target cells destroys HeV- 
l^fTiedieted fusion activity 

w. The utility of the HeV-mediated fusion assay com- 
|:i)lned with the observation that cell lines deriwed from 



the same species may be either permissive or resis- 
tant to fusion prompted an examination of the nature of 
the unknown HeV receptor, and permissive target and 
effector cells were subjected to various pretreatments 
prior to their use In the cell fusion aesay. HeV contains 
neither hemagglutlriatlng nor neuraminidase activity 
(Murray et 1995), suggesting that the cellular re- 
ceptor may not be sialic acid (Yu et al., 1998). We 
treated effector cells with excess sialic acl.d over a 
range of concentretions and In no case was any In- 
hrbltory effect observed on HeV-mediated fusion (dsta 
not shown). We have also shown that neuraminidase 
treatment of Vero cells does not inhibit HeV infection 
but can abrogate their susceptibility to newcastle disease 
virus (NOV) and Influenza virus A. two viruses that employ 
sialic acid as receptors (B. T. Eaton, unpublished insults). 
Together, these data aire In agreement with the notion that 
the HeV G protein is r\ol employing sialic acid moieties as 
receptors. However, protease treatment of target cells with 
increasing doses of either proteinase K or trypsin resulted 
In significant decreases In subsequent HeV^nediated fu- 
sion in a dose-dependent manner (Fig. 7). The absolute 
values of /&-Gel reporter activity are different between the 
Nvo condidons because these are independent experi- 
ments. Together, tiiese results support the hypothesis 
that HeV, like one of Its most closely related family 
members, MeV, is employing a surface-expressed pro- 
tein as a functional receptor for attachment and fusion. 
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FIQ. 4. Location of HeV F giVcoprotsin heptod repoata (A) Diagram of the HeV F glycoprotein depicting Imporxani structural and lunollonal elaments. 
(B) Amino add sagusnica of the C-termioal heptad lepeal of HeV F; botdfoce and enlorged amino ackfe repreaem the important hydropnobtc reaidueit 
that are capable of formino a leucine zipper. (C) Helical wheal representation of the N- and C-termtnei heptad repeats of WeV F. Boldface points on 
the helical wheel indicate irhponant residue tocationa on the helix atruciure olihe F piotein of SV6 that mediate, protein-protein interacdons (Joshi 
era/.. t998). Point a of one N-terminal heptad Is thought to intoraec with point d of another SVB F N-Terminal heptad in a paraltol orlentatioa Point 
e of the N-termlnal hepfad te thought lo interact with point a of the C^terminal heptad. and point g of the N-iemiinal heptad is believed to interact with 
point d of the C-termlnal heptad in an amiparailei orientation. In all. It Is hypotfiesized that three N-termtnal heptsd repeats and three Oterminal 
. heptad repeats of three SV6 F proteins mediate the neceasary prbiein-protein imerectione that stotMlize the fusogenic SV6 F trimer (omnsflon. 
Enlarged underlined amino acids repreaent HeV F residues that are identkat to thoae found In the N- and 0-terminal heptad repeats of SV5; enlarged 
but not underlined amino acids era hydrophobic conservative substituiions in HeV f as compared to SV5 F 



Species tropism of HeV^sdlated cell fusion 

Unlllce other paramyxoviruses, HeV has been clearly 
Implicated in cross-species infections, including hurnan, 
tfiat can result In significant morbidity and mortality. Us- 
ing the HeV-mediated cell fusion system developed here, 
we examined the target celt species tropism of HeV 
using a battery of available cell lines- and primary cuK 
tures. Shown in Fig. 8. are the cell fusion results obtained 
with a series of alternate animal species cell lines. Tar- 
get cells derived from an insectivorous bat, cells from 
horse (the first animal to contract HeV disease), and 
human TX~ cells were all capable of permissive fusion 
with cells expressing the HeV F and G glycoproteins. Cat 
embryo cells were also permissive targets for HeV-me-. 
diated fusion, and cats have been shown to be highly 
susceptible to HeV infection, manifesting pathology very 
similar to that observed in naturally and experimentally 



Infected horses (Hooper eta/,, 2001). These results illus- 
trate that the cell fusion tropism demonstrated by our 
functional recombinant assay parallels natural aruJ ex- 
perirhental HeV infections. Other ceils that were negative 
for fusion were pig kidney and duck embryo cell lines, as 
well as primary chick embryo fibroblasts. Although rab- 
bits, monkeys, and mice have not been shown to be 
infected by HeV in nature, it is of interest that these cells 
also express the HeV receptor The susceptibility of rab- 
bits to HeV infection remains to be verified. In ail cases, 
both HeV F and G together were required lo mediate 
efficient fusion with all permissive target ceil populations 
(Fig. 8). Finally, because both permissive and nonpermis- 
sive human target cell lines have been identified, we 
cnose to examine primary blood cell populations of hu- 
man peripheral blood lymphocytes (PBL) end macro- 
phages. Both stimulated and unstimulated P6L and mac- 
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i^fophages were examined and compared to HeLa target 
tibialis; however, in no case was significant fusion ob- 
?!^rved (Fig. 9). It should be noted that the level of signal 
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observed is extremely low and that the signal observed 
with HeLa cell targets is less than twice the vector 
control and not considered significant. The hypothesis 
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FIG 8 HeV fusion and Blocking by specific rabbi! antiserum. HeLa and "nc" ceiis were prepared as described in thajegend to Rfl. 6. Rabbit sara 
were diluted and added to the HeV ofycoprotein-expressinfl cells (1 x I0») In sa-weW plate tormet end TIC tajyet calla were then added (i X 10 ). 
Eacn Mfum dilution was pcrfofmed in dtipiicate wclla. After 3 h at 37*C. Nonidet-P40 waa added and ^<Sal activity waa quanihatad. 
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that HeV utllfzes d cellular protein receptor In the pro- 
cess leading to fuslof) and syncytium fofmation as well 
as the fact that HeLa cells lack this receptor or at ledst 
a functional receptor, coupled with this highly sensitive 
and specific HeV-medlated fusion system, provides an 
avenue for receptor identiflcatloa 



DISCUSSION 

The resMs presented here have laid the groundwork 
for studying the fusion and attachment membrane glyco: 
proteins of the newly emerging Hendra virus. The ge- 
netic and t)iolooical features of HeV as well as the 
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Irmlated NiV have placed them ir^to a hew genus, Henf- 
Mpay/nfs,.\n the Pararnykovirinae subfamily {Eaton, 2001; 
fvReld BtaL. 2001; Hooper et aU 2001; VV&ng etaL, 20p.ljn 
Impress). Indeed. HeV and^ NiV are somewhat unique 
^^^Bmong the paramyxoviruses In their ability !0 cause 
severe and fatal disease In several animal species and 
humans. Understanding the mechar^isms of how viruses 
1/ like these can emerge, mediate i^st cell infection, and 
Iperform cross species transmission is an Important step 
tbwaixi determining how to address new infectious dis- 
c^ase threats such as these. 

Here we report the development of a recombinant 
Si; expression system to examine the membrane glycopro- 
teins of HeV and describe several features of their func- 
;tlonal activity. Similar results have been recisntly ob- 
. tained in our laboratoiy with the membrane glycopro- 
.teins of NIV (Bossart and Broder. unpublished results). 
Radioimmunopreclpitatlon using ariti-HeV peptide-spe- 
cific sera and rabbit anti-HeV antiserum showed that 
recornbinant vaccinia virus-expressed HeV F and Q giy- 

■ coproteins .were comparable to the cognate proteins In 

■ purified virus (Murray efaA. 1998). The molecular mass of 
the Fo precursor was —61 kDa and the processed F, 

. subunit -49 kOa. The F, subunit, --19 kDa. was not 
: • observed biochemically using our available reagents. 
' The failure of F^ detection by either antiserum cxDuld be 
due 10 the paucity of F, antibodies, b.ut is more likely 
related to assay sensitivity. Nevertheless. F, is present 
based on the functionality of HeV F glycoprotein In fusion 
and the fact that ihe anti-ppptlde antiserum used Is 
specific for an sequence. In addition, we have ob- 
served a similar lack of F. detection in radiolmmunopre- 
cipitaiion of functional A/!eV and COV F glycoproteins 



(Nussbeum ef a/.; 1996). .The rocombln<ant expressed G 
glycoprotein wae -75 kDa. Both these giytiopmtetns 
hav6 several, predicted N-iinked glycosylation sites 
(MIchalski et aL iOOQ) and istudies are under way to 
examine which sites are utilized and are important for 
biotoglcal function. Based on the similarity in molecular 
weights in comparison- to other members of the 
Paramyxovirldae the F and G glycoproteins of HeV are 
undoubtedly N-glycoeyiated at one or mote sites, 

The functionality of the HeV F and G glycoproteins was 
Immediately apparent through recomljinant expression 
and the appearance of syncytia among cell populations 
expressing both HeV F end G glycoproteins. Indeed, the 
HeV glycoproteins were functionally expressed In pilot 
experiments prior to the availability of antiserum for bio- 
chemical detection. By adapting our cell-cell fusion re- 
i»rter-gene assay to the HeV-medlated fusion system 
we were able to systematically examine, in a quantitative 
manner, a battery of target cell populations representing 
a variety of cell types and animal species, in so doing, 
and more importantly for the development of strategies 
TO Identify the receptor utilized by HeV. several cell lines 
and some primary cell types were found to be likely 
receptor-negative for HeV. Among these possible recep- 
tor-negative cell types wQre the .human HeLa cell line 
and primary human PBL and macrophages. It was some- 
what surprising that pig cells were negative, in light of 
tne observation that pigs are a natural target of the 
related fvJiV in nature. The examination of additional pig 
celt lines and or primary ceils will be undertaken when 
they become available. In general, however, the detec- 
tion of HeV-mediated fusion correlated well with those 
animal species known to be permissive for experimental 
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HeV infection, such as horse, cat and bat Although we 
examined an Insectivorous bst cell line, the natural res- 
ervoir of HeV appears to be a fruglverous bat Recently it 
vjQS found that approximately 60% of Australian fruit bats, 
commonly known as flying foxes, have antibodies to HeV, 
and HeV-tike viruses have been isolated from bat uterine 
fluids; it appears that these animals are the natural host 
for the virus (Field er a!., 2001; Halpin ei al„ 1999, 2000; 
Young et al„ 1996). Finally, the generation of very high 
titers of anti-HeV antibodies following administration of a 
single dose of HeV to rabbits suggests that such animala 
may be susceptible fWestbury et dl, 1995) and the sus- 
ceptiblirty of rabbit kidney cells to HeV-medlated fusion is 
consistent with this suggestion. However, some caution 
must be exercised in correlating in wVo .susceptibility; to 
infection with the ability to form syncytia , in an in yiTfO 
system. For example, the capacity of mouse L2 cells to 
form syncytia contrasts with the toiiure of HeV. to ihfect 
BALB/c mice by intranasal or parental routes (B. T. Eatc;n. 
uh published results), ' •• , ' 

Until recently, J^^bV, a morbilllvinjs and one of the 
viruses most closely related to HeV and NIV, was thd only 
paramyxoylnjs $hbwn to be capable of employing a cell- 
surface protein as tiinctiohal receptor.; MeV vaccine 
Strains, in cbnirast to field' Isolateai, oan efficiently employ 
CD46 as a iPunctlonal .reiceptor (Nanlche et a/;,- 1993) and 
MeV H glycoprotein has been shown to specifically com- 
plex with CD46 (Nussbaum er 1995). Further, MeV 
field Isolates as well as vaccine strains have recently 
been shown to be capable pf utilizing signaling, lympho- 
cyte activation molecule (SLAM; CD150) (Tatsuo et ai.. 
2000, 2001). BIAM is aJso capable of serviriy us » re- 
ceptor for several other morbilliviruses (Tatsuo er el, 
2001). Here we assessed the nature of the unknown HeV 
cellular ree^eptor using the cell-celt fusion assay and 
found that protease treatment of permissive target .cells 
inh(bits HeV-rnedlated membrane fusion. Similar expisri- 
ments in the characterization of HIV-1 envelope-medi- 
ated cell-cell fusion had also demonstrated. this Inhibi- 
tion, where the CD4 receptor is readily removed from the 
cell surface by trypsin (Broder et al. 1993). hypothe* 
size that since the HeV anachment gfycoprotein has 
neither hemagglutinin nor neuraminidase activities, that 
protease treatment prevents fusion of an otherwise per- 
missive target cell, and that certain ceil lines from the 
same species can be clearly positive or negative for 
fusion. HeV Is likely to utilize a surface-expressed protein 
receptor for virus entry arxJ Infection. The cell-oell fusion 
system described here is Ideally suited to use in an 
expression cloning strategy for identifying the HeV re- 
ceptor as was successfully done to discover the first 
HIV-1 coreceptor (Feng ©r a/., 1996). 

Ail viral membrane glycoproteins that are the media- 
tors of membrane fusion, virion attachment or both are 
invanably oligomeric (Ooms et ai., 1993). Considerable 
advances in the understanding of the structural features 



of these oligomeric viral envelope glycoproteins have 
been attained In recent years and have centered on the 
Influenza virus and HIV systems, A notable structural 
feature of many of these fusion glycoproteins is the 
presence of two or-helfcal domains referred to as heptad • 
repeats (Chambers etai., 1990; de Groot etah, 1987) that - 
are Important for both olrgomerization and function of the • 
glycoprotein, whene they are involved in the formation of 
a trimer-of-hairplns structure (Hughspn. 1997; Singh er : 
at, 1999). Peptides corresponding to either of these do- 
mains can potently Inhibit the fusion process, first noted 
with sequences derived irom the gp41 subunit of HiV-i : ' 
envelope glycoprotein (Jiang et af„ 1993; Wild er a/,, • 
1994). Inhibition of the formation of the trimer-of-hairpins 
structure inhibits the. fusion process, and this mecha: 
nism has been nnodeied and deaciibed by several 
groups (Chan and Kim, 1898; Munoz-Bamoso er a/., 1998; • 
Fiimsky et a/.. 1998; Root et eL, 2001; Russell et af.» ZOO]). 
Indeed, the development and" clinical application of fu-; . 
sion Inhibiforsras antiylrBl thei^pljBS for HIVri, have beeri • 
a direct result of this area of research. ; ' 

Recislntly, an 0^ cbre complex was deV . i 

fined In. the F protein of SV6 a'rtd Is also believed to be' 
either the .fusion competent structure or the structure .^1 
formed after ftjsion. has occurred, analogous to HI\Ai ;i 
gp41 (Baker et f/.; 1999; Dutch e( ai., 1899; l-amb et ai:,^'-}, 
1999). Similarly, the fusion protein core of RSiv has also ;? 
been defined (Zhao er ai,; 2000). In addition, peptide 
sequences from the N-lermlnal and/or C-termlnal hep- • 
tads of the F glycoproteins of SV6, MeV RSV, hPIV, NOV, r; 
and Sendai virus have been shown to be potent inhibi-. > 
tors of membrane fusion (ioshf era/.. i988;.Lamberters£, 
1996; Rapaport et al, 1995; Wild and Buckland, 1997; 
Young et aL 1997. 1999). Here we analyzed the heptad : 
repeats of HeV F using helical wheel diagrams and 
identified the sequenceathat would be likely inhibitors of ; } 
HeV-mediated fusfoa VAAa therj examined the specificity • • 
of our recombinant HeV fusion system using a synthetic 
42-amlno-add peptide (FCl ) corresponding to' the HeV F ' 
C-ternrjinal heptad. The FCt peptide could completely. '.^ 
Inhibit HeV-mediated fusion in the nanomolar range (IC» 
of 4.4 nM). The FCl peptide is currently being evaluated 
as an inhibitor of live HeV infection under BSL-4 condi- 
tions and may represent a therapeutic avenue for both 
HeV and NiV infections. Indeed, the HeV F C-terminal 
heptad peptide was also capable of inhibiting recombi- 
nant NiV-mediated fusion at slightly lower efficiencies, 
likely due to several mismatches In the heptad sequence . 
(Bossart and Broder. unpublished results). 

HeV cell-cell fusion was also characterized using 
HeV-specific rabbit antiserum, which could block the 
cell-cell fusion assay with considerable efficiency. In 
addition, NiV-specific rabbit sera could block HeV-medi- 
ated fusion at lower levels of efficiency (not shown) and 
this would be in agreement with the observed antigenic 
cross-reactivity seen with HeV and NIV (Daniels et ai., 
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•>O01). Because tWs assay can be performed under BSL-2 
Conditions and. is highly adaptable to high-throughput 
lecreenlng, it may be a useful tool in the tlterlng of 
"^oautrallzing antiserum outside BSL-4 containment Ex- 
'periments are under way to make comperatlve assese- 
j^ents of this cell-call fusion assay with live HeV and NiV 
jieutrallzatfon assays. 
.* In summa/y. we have established a recombinant sya- 
to express and characterize the HeV F and Q mem- 
> brane glycoproteins and study the HeV-medlaied mem- 
^"t)r3ne fusion process. Wte have shown that efflcieni 
-^membrane fusion requires both the F and the G glycop- 
u foteins as is seen for almost all other paramyxoviruses, 
additioh, fusion can be specifically Inhibited with el- 
ltf:ier antiserum or targeted peptides, and to a signlflcani 
^irdegree fusion parallels observed and experimental HeV 
i^.infectioa We have alsio Identified possible receptor-neg- 
ri.^tiy© cell types. These preiiminary studies have laid the 
" vfQundatlon for numerous approaches tp develop new 
v-rfeag^^ to examine the many features of the fusion 
(^sod. attachmeint glycoproteins .ot this Interesting and 
i urilcjue emerging paramyxovirus. ; 

MATERIALS AND METHODS 

■ribelllinee' " 

. The following cell lines were obtained from the Amer- 
lean Type Culture Collection (ATCC): HeLa cells (ATCC 
CCL 2)- BSC-t (ATCC CCL 26); CV-1 {ATCC CCL 70); 
HyTK-143B (YKl (ATCC'cRL 8303); RK-t3 (rabbit) (ATCC 
CCL. 37); Equus caballus (horse) (ATCC CCL-57); Sus 
scrofa (pig) (ATCC CL-101); Tadarida brasilliensJs ibax) 
(ATCC CCL-88). Mouse L2 cells were provided by. An- 
thony Maurelli (Unlfornned Sen/ices University. Bethesda. 
;MD). Human POL and macrophages were provided by 
Tzanko Stantchev (Uniformed Services University Be- 
thesda. MD). Primary chick embryo fibroblasts (CEF) 
were provided by Norman Cooper (National Institutes of 
Health, Bethesda. MD). 293T 3T3. cat embryo, and duck 
embryo cell lines were provided by Jay A Uevy (Univer- 
sity of California, San Francisco, San Francisco, CA)> 

Culture conditions 

HeLa. mouse L2. 3T3, 293T. and human macrophage 
cell monolayers were maintained in Dulbecco's modified 
Eagle's medium (Quality Biologicals. Gaithersburg, MD) 
supplemented with 10•^ cosmic calf serum (CCS) (Hy- 
Clone. Logan, UT) and 2 mM L-glutamine (DMEM-IO). 
BSC-l. CV-1. TIC", and CEF cell monolayers were main- 
tained in Eagle's minimal essential medium (EMEM) 
(Quality Biologicals) supplemented with 10% CCS and 2 
mM L-glutamine (EMEM- 10). Duck embryo, cat embryo, 
and human PBL were maintained in RPMI 1640 (Quality 
Biologicals) supplemented with 10% CCS and 2 mM 
t-glutamine (RPMl-IO). Rabbit and horse cell monolayers 



were maintained in enriched EMEM (Quality Biologicals) 
supplemented with 10% CCS. l mM sodium pyruvate, 
and 2 mM t-glutamine. Bat cell monolayers were main- 
tained in enriched EMEM containing 0.86 g/L sodium 
bicarbonate. 2 mM L-glutamine. and 10% CCS. Pig cell 
monolayers were maintained in Medium 199 (Quality 
Biologicals) containing 1.6 g/L sodium bicarbonate. 2 
mM L-glutamine. and 3% CCS. All cell cultures were 
maintained at 37''C in a humidified 5% CO, atmosphere. 

Plasmlds and recombinant vaccinia viruses 

For expression of recombinant HeV F and G glyco- 
proteins, the .F and G glycoprotein ORFs were sub- 
cloned Into the vaccinia virus promoter-driven expres- 
sion vector pMC02 (Carroll and Moss. 1995). The HeV 
F ORF was initially PCR arhplified from plasmid 
DCP614 (HeV F gene In pFastBaci) (Gould, 1996; Wang 
et af., 20Q0) using primers 5'-G7TTAAACGTCGACATG- 
QCTAC:?AGAAGAGGTCAGGr3' (KB1) artd 5'.G1TTA- 
AACGTCGACGATtGTACSTGtATTFATe^^ (KBS). The 
H9V G OHF was PCR amplified.frorn. plasmid. pCP484; 
(HeV G gehe In pFaStBecl) (Wang ef a/.:.,2OO0: Yu ef a/., 
1^98) using . primers 5' GTrrAMCGTCQACCACCAT- 
GATGGCTG'ATTGCAAATTGGTAAGC'3' (KB7) and 
6^GTTtAAACQTC(3ACCAATC^CTCTCTGAACATTG- 
GGCAGGTATC-3' (ICB8). All PGR wei^e done using Ac- 
cupol DNA polymerase (PGS Sclentifics Corp.. Gaith- 
ersburg. MD) with the following settingsi 94''C for 6 
mln initially and then 94»C for 1 min. 56«C for 2 min 
72**C for 3 min; 26 cycles. These primers generated 
PCR products for the HeV F and HeV G ORFs flanked 
by San sites, with an additional Pmel site flanking 
each Sat\ site, and the 5' end of each gene possessed 
the sequence CACC upstream of the initial ATG. All 
PCR products were gel purified (Qiagen. Valencia. CA). 
After gel purification. HeV F and HeV Q were sub- 
cloned into a TOPO vector (invltrogen Corp., Carlsbad 
CA). The TOPO constructs were then digested with 
San and inserted into the SaJ\ site of pMC02. All 
constructs were initially screened by restriction diges- 
tion and further verified by sequencing. The recombi- 
nant vinjses were then obtained using standard tech- 
niques employing rit selection and £ cofi 0-glucuron- 
idase (GUS) staining (Brodef and Earl. 1999). Briefly 
CV-1 cells were transfected with either pMC02 HeV F 
or pMC02 HeV Q using a calcium phosphate trans- 
fection kit (Promega. Corp.. Madison, Wl). These 
monolayers were then Infected with Western Reserve 
(WR) wild-type strain of vaccinia virus at a multiplicity 
of infection (m.o.i.) of 0.05 PFU/cell. After 2 days the 
cell pellets were collected as crude recombinant virus 
stocks. TK' cells were infected with the recombinant 
crude stocks in the presence of 26 ^-Q/ml 5-bromo-2 - 
deoxyuridlne (BrdU) (Calbiochem. La Jolla. CA). After 
2 h the virus was replaced with an EMEM- 10 overlay 
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containing m low-meltlng-point (LMP) agarose (Life 
Technologies, Gaithersburg, MD) and 25 ;i.g/ml BrdU 
After 2 days of incubation an additional EMEM-10 
overlay containing 1% LMP agarose. 26 /tg/ml BrdU. 
and 0.2 mg/ml 5-bromo-4-chloro-3-indolyl-^-o-gIucu- 
ronio acid (Clontech, Palo Alto. CA) was added Within 
24-48 h blue plaques were evident, picked, and sub- 
jected to two more rounds of double-selection plaque 
purification.. The recombinant vaccinia viruses v<B1 
(HeV F} and vKB2 (HeV G) were then pmpllfied and 
purified. Bapteriophage 77 RIMA polymerase was pro- 
duced by infection with vTF7-3, which contains the T7 
RNA polymerase gene linked to e vaccinia virus pro* 
moter (Fueretera/., IdSdj, The £. cofi LacZgene linked 
to the T7 promoter was introduced into cells by infec- 
tion with vaccinia virus recombinant vCB2lR-LacZ 
vyhich was described, previously (Alkhatlb et aL 
1996e). For cell fusion aasays/elthe'r wd fnfiscted cells 
with the approprlat(9 vaccinia virus ericbdirig the HeV F 
. or G or we trsnsfected ceil monolayers witfi the 
pMC02*based plasmld consiruci^* coniainlng these 
genes followed by infection 4 h later with. VVR vaccinia 
virus. Trahsfection of monolayers was performed with 
pOTAP (Roche Diagnbstlcs Corp.. Indianapolis, IN). 

CelH»li. fusion assays : ■ 

Fusion between HeV glycoprotein-expressing cells 
and target cells was measured by a reporter gene aseay 
In which the cytoplasm of one cell population contained 
vaccinia virus-encoded T7.Rii\IA polymerase and the cy- 
toplasm of the other contained the B. oaiJ Lae2^ gene 
linked to the T7- promoter; ^-Gal is synthesized only In 
fused ceils (Nusebaum et a/., 1994). Vaccinia virus-en- 
coded proteins were produced by incubating infected 
ceils at 31 ''C overnight {Berger et eL, t995). Celhceil 
fusion reactions were conducted with the various cell 
mixtures In 96-weH plates at 37'C. TVpically. the ratio of 
HeV glycoprotein-expressing cells to target cells w^s 1i 1 
(2 X 10* total cells per well, 0.2-ml total volume). (Co- 
sine arablnoslde (40 pig/ml) was added to the fOslon 
reaction mixture to reduce nonspecific /3-Gai production 
(Berger et a/.. 1995). For quantitative anafyses, IMonidet- 
P40 was added (0.6K final) at .2.5 h and.aliquota of the 
iysates were assayed for j^Gal at ambient temperature 
with the substrate chlorophenpl red-cvgalactopyranoside 
(Roche Diagnostics Corp.). For inhibition by peptides, 
serial dilutions of peptides were performed and added to 
HeV glycoprotein-expressing effector cells immediately 
prior to the a66\x\OT\ of target cell populations. Fdr inhi- 
bition by HeV-specific antlsera. serial dilutions of the 
various rabbit sera were performed and added to HeV 
glycoprotein-expressing effector cells just prior to the 
addition of target cells. All assays were performed in 
duplicate and fusion results were calculated and ex- 
pressed as rates of ^-Gal activity (change in optical 



density at 570 nm per minute X 1000) (Nussbaum et ai 
1994). ' 

Peptide synthesis 

The foltowing hydrophillc peptide sequences were • 
chosen for synthesis and Immunization based on analy* 
sis of the f^rophoblcity pfota of the HeV F and (3 ' 
glycoproteins. CICQITRICYKIKSNPLTKDIVIK {F2) and 
CKSDSGOYNQiCYIATKVERQKKDK (Ql). Another 42-ami-;;;i 
no-aqid peptide corresponding to the C-terminal o-helK 
caf hepted domain of HeV f was stso synthesized, 
SldTkVDISSQISSMNQSLQQSKDYlkEAQKiLDTVNPS^^^^^ 
(FQ1). The sequence of peptide FCl was based on the-V' 
published sequence (Gould, 1996), which was later cor- i 
nected (GenBank Aipcesslon No. AF017149) (Wang at aLi i 
ZOOO), arid the first 6 residues oif the N-termlnus of FCi 
are irrialevant. hovyever, this change Is dielarit from theV,^ 
leaclnei zipper region and did not affeqt the peptide'^ 
acth/Ity. A control 44-arTijho-acid peptidi dj^riyi^d from the 5 
cytoplasmic tail of the IL-2 rece{itor gamma 'c prdi: ''^ 
tein,, LeRT^4PmpTL<NLEpLVtEYH6NFSAW8GVS<G- '^^^ 
LAESLQPDYS {IL2pg>. wasiised as'tfie irreiei^ant control;: k 
Synthesis of each peptide was accomplishi^ on an-^^ 
Applied Biosystems Model 4i33 Peptide' Synthesizer us? ^ 
ii>d HflTU/HpBt aptlviiiiqn on a hydrpXfpeth|phenQxyrn-:. 
ethyf-cbpo^tyfene-1^ dfvinylbenzene resin.. Upon syn- ' 
thesis completion, the resin was. washed twice witfi 
dlchloromethane (DCM) foilowed by thres washes with, 
methanol and allowed to dry. Cleavage of the peptide 
from the resin was obtalried using Reagent R (90% tri- 
fluroacetic add (TFA), 5H thloanlsole. 3% 1.2-ethanedl- 
thiol, and 2% anisole) at room temperature for 3 h. The- 
peptide was isolated from the mixture by vacuum filtra- 
tion through a sintered glass funnel into cold ethyl ethen 
which permitted precipitation. Peptide and ether were 
transferred to a 50-ml centrifuge tube and cenlrifuged. 
The peptide pellet was resuspehded in cold ether end 
centrlfuged three sajparate times to remove residual 
scavengers and acid. Following the third wash* the peilet 
was allowed to dry completely. Once dry. the peptide 
was resuspended In 96% water/6H CHjCN (the pH was 
adjusted to --7 using dilute NH4OH), frozen at -20*C, 
and lyophilized. 

Pofyclonaf antibodies 



Peptide-specffic rabbit sera to the HeV F and G glyco- 
proteins were prepared with the Imject Mateimide Acti- 
vated KLH Kit (Pierce, Rockford,. IL). The F2 and Gl 
synthetic peptides were reduced with 250 dithiothre- 
itol (DTT) (ICN BionDedicals. Cleveland. OH) for t h at 
37''C ;ir\or to conjugation. Excess OTT was removed 
using 1800 MW gel exclusion columns (Pierce). Then 
1.56 mg of recovered Gl was conjugated to 2 mg of 
activated KLH and 1.25 mg of recovered F2 wae conju- 
gated to 2 mg of activated KLH. Conjugates were purified 
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vusing a 5000 MW gel exclusion column (Pierce). Each 
' peptide-KLH conjugate was stored in 200-/to aliQuois at 
, -80*'C. Two hundred micrograms of F2-KLH conjugate 
iv'containlng tx RIBI (RIBf immunochem Research Inc.. 
THamilton, MT) in 1 ml PBS and 200 GIHCLH conju- 
=Agate containing 1 x RIBI In 1 ml PBS were administered 
'?iridepervdently to two rabbits as follows: 0.05 ml Intrader- 
J mal at six sites, 0.3 ml Into each hind leg, and 0.1 ml 
;isubcutaneous in the neck region. Equivalent boosts 
i>ere given on days 28. 56, and 84. Test bleeds were 
pt>ollectBd on day 35, jand crop bleeds were collected on 
Maya 63 and 9t In addition, serum from a rabbit Immu- 
^:;n1zcd with gamma-irradiated HeV was also used In some 
^l;:experlments. 

1 Metabolic labeling and Immunopreclpitatlon 

For labeling of HeV glycoproteins expressed by rer 
combfnant vaccinia viruses. HeLa cells were infected at 
rTi,oJ. of 10^ PFU/celL Ai 6 h postrhfection/ mbnplayers 
% Were washed, overlaid with methionine- and c^staine- 
5" . fr^e minimal essential m©dlum;{Life Technologjes) con- 
I? twining 2.5% dialyzed fetal qalf serum (Ufe technologies) 
' and 100 iutCl of "S-jabial&d ProMix/ml (Amersham Phar- 
^ . rnacla Biotech, PlscetBwey. NJ). and Incubated overnight 
AlWnativeV^ pulse-chase labeling prpcedure was per- 
fcrmed wheria after 8 h of Infection the cells vy/ere pulsed 
: with 100 $iC\ of "^S-labeled ProMix/ml for 16 min and then 
chased with a 200-fold excess of methionine and cys- 
: telne for 1 h. Lysis of cells was performed in 100 mM 
V. Tris-HCI (pH 8.0). 100 mM NaCI. 0.6% Triton X-lOp. Typ- 
: Ically, 0.6-1.O ft! of antiserum or normal rabbit senjm was 
r utilized per immunopreclpitatlon. Incubations for at least 
1 h at room temperature were followed by addition of 
■ ' Protein G-Sepharose for at least 30 mla Complexes 
were washed twice with lysis buffer (100 mM Tris-HCI 
(pH 8.0). 100 mM NaCI. 0.5% Triton X-100) and once with 
DOC buffer (100 mM Tris-HCI (pH aO), 100 mM NaCI, 
.QA% sodfum decxycholate, 0.1% SD5). Protelna were sep- 
arated by SDS-poIyacrylamide gel electrophoresis 
(SDS-PAGE) (10%) and visualized by autoradiography. 

Western blot analysis 

BSC-1 cell monolayers were infected overnight at a 
m.o.L of 10 with vaccinia virus encoding wild-type HeV F 
or HeV G. Cells were extracted with 0.5% Triton X-iOO in 
100 mM Tris-HCI. pH 8.0, 100 mM NaCI and the nuclei 
were removed by cenlrifu gallon. Samples were prepared 
by boiling in sample buffer containing 2-mercaptoetha- 
nol. Extracts from 5 x 10* cells (total) were loaded per 
well onto a 10% SDS-PAGE gel. Following transfer to 
nitrocellulose paper, the blot v/ea probed with either 
peptide-specific or virus-specific rabbit antiserum. The 
blot was then incubated with HRP-conjugated rabbit anti- 
rabbfi igG and developed with the SuperSlgnal chemilu- 
minescence kit (Pierce). 
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